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Given  a  severe anemia  in  clogs  due  to  bleeding,  it  was logical  to 
anticipate some evidence of marrow exhaustion as the anemia periods 
were extended through 5, 7 or even 8 years.  Yet we must admit that 
the  evidence for marrow  exhaustion  under  these  conditions  is  very 
meagre and in a  considerable  series of dogs we can  submit but two 
cases for consideration.  Everything considered,  the reaction of any 
given  dog is remarkably uniform from year to year and  the output 
of red cells and hemoglobin on given standard diets will usually remain 
relatively constant through a  continuous anemia period of years. 
The extent of "red marrow spread" is variable in the various bones 
of the skeleton both in normal  dogs and in these anemic dogs.  We 
cannot explain some of these great differences in marrow spread but 
will hazard the belief that the liver is concerned in this reaction. 
Red marrow  spread in young normal  dogs involves about  all  the 
cancellous marrow in ribs, vertebrae and long bones.  As the normal 
dog matures,  the red marrow occupies all of the cancellous bone in 
ribs and vertebrae but much less in the long bones.  The femora and 
humeri may show a third of the marrow cavity filled with fat instead 
of red marrow.  The tibiae, radii and ulnae may show  two-thirds  of 
the marrow cavity filled with fat.  The red marrow spread therefore 
shrinks relatively as the normal dog grows up or we may say the red 
marrow mass does not expand as fast as does the mass of cancellous 
bone in  the growing skeleton.  With old age in  the normal  dog the 
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red marrow spread becomes even more limited and we find less and less 
red marrow  in  the long bones and  even some fat cells replacing  red 
marrow in the cancellous bone of the ribs and vertebrae.  As the red 
marrow spreads or shrinks the fat cells act as the cushion to take up 
or  give space.  With  red marrow  expansion  the  fat  cells retire  and 
as the red marrow shrinks the fat cells take its place in the cancellous 
bone lacunae. 
In general we may say that conditions in the spleen and red marrow 
run  along  parallel  as  the  normal  dog  grows  up  and  with old age 
both marrow  and  spleen  show atrophy.  If the  red marrow  were  a 
nicely isolated organ like the spleen its study would certainly become 
much  less  time  consuming. 
In long continued severe anemia in dogs one would expect a  wider 
red marrow  spread and  such indeed will be observed in many cases 
described below.  In some anemic dogs the red marrow fills practically 
all the cancellous bone in ribs, vertebrae and long bones and this is the 
reaction  which  would  be  expected  because  of  the  long  continued 
maximal stimulus for red cell production  (Figs.  1 and 2).  But other 
dogs will show very much less red marrow spread, scarcely more than 
observed in normal non-anemic adults and yet such dogs will produce 
as  much  new hemoglobin  as  is  produced  by  the  dogs with  grossly 
hyperplastic red marrow having a maximal red marrow spread  (com- 
pare  Dogs  24-2  and  25-24,  Table  1). 
Every degree of marrow hyperplasia is to be observed in this series 
of dogs from the  100 per cent of Dog 25-24  (Figs.  1 and 2)  down to 
the  minimal  spread of Dog  18-114  (Figs.  3,  4  and  5).  The  details 
are all the same but the mass of the red marrow varies. 
Evidently the red marrow varies in extent in normal non-anemic dogs. 
Given the stimulus of a severe anemia due to bleeding the red marrow 
may spread to include all the cancellous bone spaces in the skeleton 
or to include only a part of this large area.  The maximal hemoglobin 
production of this hyperplastic marrow may be much the same in the 
two instances.  It would seem that some other factor were concerned 
with the limitation of hemoglobin output and red marrow spread. 
Evidence  is  accumulating  to  indicate  that  the  liver  may  be  this 
limiting  factor--that  the liver may be responsible for fabrication  of 
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liver  may set  the  top  limit  for  maximal  red  cell  and  hemoglobin 
production.  This evidence comes in part from Eck fistula dogs whose 
hemoglobin and pigment production is usually subnormal (9).  These 
Eck fistula dogs with progressive repeated injury of the liver may 
finally reach the  stage  where they can produce only sufficient red 
cells and hemoglobin for simple maintenance with complete oblitera- 
tion of the usual surplus of hemoglobin production on a liver or kidney 
diet (experiments unpublished).  The only abnormality is the injured 
liver so that this experiment would indicate that the liver is essential 
for normal hemoglobin and red cell production in the dog. 
Reserve storage of hemoglobin is  a  subject of considerable interest. 
There is  no  doubt  that  there is  a  good deal of reserve hemoglobin 
stored in the normal dog which will be contributed to the circulation 
as experimental anemia due to bleeding is produced.  Is this reserve 
stored as mature or immature red cells in the red marrow or spleen? 
Or is it stored as parent substances capable of being built up into the 
mature red cells as the emergency develops? 
There is ample evidence that a  standard anemic dog placed on a 
favorable diet  (liver or kidney) will produce large amounts of new 
hemoglobin and red cells  (6,  7).  This  production results from a  2 
week feeding period  and may amount to  100  gm.  new hemoglobin 
over  and  above  control  bread  diet  periods.  This  new hemoglobin 
will appear in the circulation in the 1st week in small amounts and is 
removed by bleeding.  Much more will appear in the 2nd week and is 
removed by bleeding.  There is always a  large carry over into the 2 
weeks after period which may amount to half the total hemoglobin 
produced due to the liver or kidney diet.  Therefore at the end of the 
2 weeks liver feeding the dog may have in reserve somewhere in his 
body the materials from which he can produce 40 to 50 gm. hemoglobin 
during the after period.  Where is this reserve stored?  Is it stored 
as  red  cells or  as intermediates in  the marrow or parenchymatous 
organs? 
If the reserve hemoglobin was stored in the form of mature red cells 
it would amount to 100 to 125 cc. of packed red cells.  To store this 
amount of red cells in the dog's marrow is obviously a physical impos- 
sibility.  Moreover there is no histological evidence of any  marked 
increase of mature red cells in dog's marrow when this reserve storage 
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Feeding experiments would indicate that some of these hemoglobin 
precursors  under  such  conditions  of  maximal  reserve  storage  (Dog 
25-24)  are  stored in  the  liver and  kidney rather  than  in  the  spleen. 
It must be admitted that much of this hemoglobin reserve is stored in 
some intermediate form which at the present time we cannot identify. 
Methods 
All material studied and reported below came from the anemia colony in this 
laboratory.  The dogs are bred in  this  laboratory and  the  dominant  strain  is 
that of a short-haired white bull dog.  The stock is not pedigreed and there is 
some coach dog and terrier blood in the  colony.  These dogs unless  otherwise 
noted are active and perfectly normal in all respects and live out a  normal life 
cycle.  The only abnormality is a  blood hemoglobin level of 40  to 50 per cent 
instead of the normal for this colony of 140 to  150 per cent  hemoglobin.  The 
anemia level is maintained by appropriate bleedings each week and the hemoglobin 
removed is estimated and recorded in the tables as grams hemoglobin bled.  This 
continued maximal stimulus to the formation of new hemoglobin and  red cells 
leads to standard output figures for hemoglobin on various standard diets.  Many 
reports of these diet studies and the resultant hemoglobin production have been 
published by Robscheit-Robbins and Whipple (10, 7). 
The standard bread used in these experiments is made in the laboratory from 
wheat flour, potato starch, bran, sugar, canned salmon, cod liver oil, canned toma- 
toes, yeast and a salt mixture.  This bread is a complete diet capable of maintain- 
ing dogs in health for indefinite  periods; its preparation has been described  (10). 
The periods of anemia in the reported series vary from 1 year and 4 months to 
7 years and 4 months.  In some of the early experiments the bleeding was dis- 
continued in the summer (July and August) but the anemia level maintained con- 
tinuously  during  the  rest  of each  year.  The  longest  period  of uninterrupted 
anemia was 5 years. 
As dogs died or were killed by accident or by anesthesia, a  routine autopsy 
was done.  All long bones were split and notes made as to the gross appearance 
of the red and fat marrow.  Sections from all organs, marrow of long bones, ribs 
and vertebrae were made and stained in the usual manner. 
EXPERIMENTAL  OBSERVATIONS 
In this series eighteen dogs were studied (Table 1) and the protocols 
of eight of this number are detailed below.  All types of red marrow 
spread,  reserve  hemoglobin  storage  and  hemoglobin  production  are 
included in this group of dogs.  The first eight dogs given in Table 1 
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plete  autopsy  protocols  are  given  below  in  the  same  order  as  they 
appear  in  the  tables. 
The  arrangement  of these  eight dogs in  Tables  1,  2  and  3  follows 
the  amount  of red marrow  spread,  the  first  dog  showing  a  maximal 
spread and the eighth dog  (Dog  18-114)  showing marrow  exhaustion 
or a  minimal red marrow  spread. 
TABLE  1 
Approximate Percentage of Red Marrow Spread in Long Bones in Anemic Dogs 
Dog  No. 
Cells 
p~cef 
25-24  100 
27-231  98 
20-104  95 
20-1  90 
21-23  75 
24-42  95 
24-2  10 
18-114  5 
24-70*  98  2 
24-23  98  2 
20-103  95  5 
21-67"  95  5 
24-89  90  10 
24-46*  80  20 
19-104  75  25 
24-22  75  25 
24-25  50  50 
24-49  50  50 
Radius  Femur  Humerus  Tibia  Ulna 
Fat 
2 
5 
10 
25 
5 
90 
95 
celts  Fa___~t 
~r c~nt [ ~r cent 
I 
100  I  0 
98  [  2 
100  I  o 
95  I  5 
90  10 
95  5 
20  80 
5  95 
100  0 
98  2 
98  2 
95  5 
90  10 
80  20 
80  20 
80  20 
60  40 
60  40 
cen____L~ 
/m" cent [ p~ 
I 
100  [ 
9/O  65 
15 
10 
5 
rat  Cells 
c~  per cent 
0  100 
2  98 
35  50 
80  20 
85  20 
90  10 
95  2 
0 
75 
60 
60 
40 
20 
70 
15 
10 
20 
15 
O0 
25 
40 
40 
60 
80 
30 
85 
90 
80 
85 
0 
65 
60 
25 
20 
15 
15 
10 
5 
10 
5 
Duration 
of anemia 
period 
Tat 
' ¢~t  mo$. 
0  22 
2  16 
50  58 
80  69 
8O  60 
90  15 
98  30 
00  88 
35  16 
4O  5t 
75  51 
80  57 
85  36 
85  34 
90  96 
95  48 
90  64 
95  44 
* Splenectomy. 
Table  1 in the second half shows the marrow  spread of ten dogs of 
similar type whose histories are not given below.  Of this series two 
dogs  showed  interrupted  anemia  periods  in  the  early  part  of  their 
experimental  histories.  Dog  20-103  showed  interrupted  anemia 
periods for 3 years and continuous anemia for 15 months.  Dog 19-104 
showed  interrupted  anemia  periods  of  52  months  and  continuous 
anemia  for 44  months.  The  other  anemia  periods were  continuous. 430  MARROW  HYPERPLASIA  IN  ANEMIA 
Table  1 shows that  there  is no  relationship  between red marrow 
spread and  the  duration  of the  anemia  period.  If there is any dif- 
ference the dogs of the longest anemia periods seem to show less red 
marrow spread but advancing years may be responsible rather  than 
TABLE  2 
Comparison of Red Marrow Spread and Standard Hemoglobin Production in 
Anemic Dogs 
Hemoglobin production on  Dog No.  Red marrow spread  standard diets 
23-24 
27-231 
20-104 
20-1 
21-23 
24-42 
24-2 
18-114 
Maximal--100 per cent 
Maximal--98 per cent 
Average--85 per cent 
Average-75 per cent 
Subnormal--65 per cent 
Subnormal--65 per cent 
Minimal--20 per cent 
Aplasia--10 per cent 
S1. subnormal 
Subnormal 
SI. subnormal 
Normal 
Above normal 
S1. subnormal 
Normal 
Subnormal 
TABLE  3 
Spleen Metaplasia and Anemia Duration--Reserve Hemoglobin 
Theoretical reserve  storage 
Dog No.  Meg.akar~ocytes  Duration  of anemia period  of hemoglobin  at time of 
m spleen  death 
23-24 
27-231 
20-104 
20-1 
21-23 
2442 
24-2 
18-114 
4+ 
3+ 
2+ 
l+ 
3+ 
1+ 
2+ 
10+ 
1 yr.,  10 mos. 
1yr.,  4  mos. 
4 yrs., 10 mos. 
5 yrs.,  9 mos. 
5 yrs.,  0 mos. 
1 yr.,  3  mos. 
2 yrs.,  6 mos. 
7 yrs.,  4 mos. 
Maximal 
Minimal 
Moderate 
Minimal 
Low 
Low 
Moderate 
Low 
the  continued  anemia,  as we observe the  same tendency in old non- 
anemic  dogs. 
Three dogs (24-70, 21-67, 24-46) were splenectomized but we have 
observed  no  differences  between  these dogs  and  the  non-splenec- 
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Table 2 indicates the extent of the red marrow spread from a maxi- 
mum of 100 per cent to a minimum estimated at approximately 10 per 
cent.  The dogs with 98 to 100 per cent red marrow spread show cel- 
lular marrow and practically no fat in ribs, vertebrae and long bones 
(see Figs. 1 and 2). 
Table 2 also lists the general reaction of these dogs to the standard 
test diets--for example liver,  kidney, iron and bread.  It is obvious 
that  the  widest red marrow  spread  does not  mean  the  most  active 
hemoglobin  production  on  standard  diets,  nor  is the  converse true. 
Table 3  indicates  that  the  spleen  shows some marrow metaplasia 
with probable contribution  of some marrow elements to  the  anemic 
circulation.  The conspicuous feature of the spleen sections  (Fig.  6) 
is the megakaryocyte, but nucleated red cells are sometimes numerous 
in the spleen pulp.  We list the megakaryocytes from a  minimum of 
1+  to  the  maximal  value  of  10-k,  a  purely  arbitrary  scale.  The 
spleen showing the largest number of megakaryocytes is photographed 
(Fig.  6,  Dog  18-114,  Table  3).  Except  for  the  single  dog  18-114 
which showed some evidence of red marrow exhaustion and maximal 
megakaryocyte response in the spleen there is no correlation between 
the length  of anemia  period  and  the  number  of megakaryocytes in 
the  spleen.  Nor  is  there  any  correlation  between  the  red  marrow 
spread  and  the  number  of  megakaryocytes  in  the  spleen  (Tables 
2 and 3). 
Table 3  also shows the  theoretical  reserve storage of hemoglobin 
or parent hemoglobin substances in each dog at time of death.  This 
depends upon the diet intake of the last 2 or 3 weeks preceding death. 
It will be seen from the autopsy protocols below that there is no evi- 
dence that this reserve hemoglobin storage is to be found in the form 
of red cells in the bone marrow. 
Dog 25-24.--A young adult, male bull, weight 10.02 kg. at the beginning of the 
anemia period May 21,  1926.  Anemia was uninterrupted  until  time of death 
March 21, 1928.  The blood hemoglobin level was thus kept at a level of from 40 
to 50 per cent for a period of 1 year and 10 months.  Death was accidental, the 
dog dying 3 hours after being badly bitten by another dog.  The diet for the 10 
week period preceding death was as follows.  The theoretical reserve hemoglobin 
storage on this diet should be at a rrmximum level. 432  MARROW HYPERPLASIA  IN  ANEMIA 
Dog 25-24.  Diet, daily intake  Wks. before 
death 
Ferric chloride (Fe 12.6 mg.), bread 400 gm., salmon 
100 gm  ...................................... 
Ferric chloride (Fe  12.6 nag.), bread 400 gin., salmon 
100 gm  ...................................... 
Ferric chloride  (Fe  12.6 nag.), bread 400 gm., salmon 
100 gm  ...................................... 
Ferric chloride (Fe 13 nag.), liver ash (500 gm. equiv.), 
bread 400 gm., salmon 100 gm ................. 
Ferric chloride (Fe 13 mg.), liver ash (500 gm. equiv.), 
bread 400 gm., salmon 100 gin  ................. 
Bread 400 gm., salmon 75 gin., Klim 25 gm  ....... 
Ferric chloride (Fe 120 rag.), bread 400 gna., salmon 100 
gm  .......................................... 
Ferric chloride (Fe 120 nag.), bread 400 gin., salmon 100 
gln  .......................................... 
Ferric chloride (Fe 300 mg.), liver 300 gm., bread 300 
gm  .......................................... 
Ferric chloride (Fe 300 nag.), liver 300 gin., bread 300 
gin  .......................................... 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Autopsy.--Weight  of  dog  13.6  kg.  The  animal is well developed and well 
nourished.  The soft tissues of both fore legs are badly torn, crushed and lacerated. 
The  skeletal muscle is  in general highly colored.  Heart--moderately dilated, 
myocardium of dark red color.  Lungs are normal.  In the gastrointestinal tract 
muscle coats there is noted the usual maple sugar or buff coloring.  There is a 
purple-red,  velvety mucosa  in the  duodenum and jejunum.  Liver  is  normal 
except for marked congestion.  Pancreas normal.  Kidneys are congested, other- 
wise normal.  The capsule strips easily leaving a  smooth surface without scars. 
The marrow of all the long bones is of uniform dark red color throughout their entire" 
length.  There is no evidence of remaining fat. 
Microscopical Sections.- 
In  the  splenic  section moderate  numbers of  megakaryocytes  are  observed. 
Normoblasts in clumps are scattered throughout the section in fairly large num- 
bers.  There are  a  few myelocytes and obviously definite myeloid metaplasia. 
The lymph follicles are not abnormal. 
A section from the upper portion of small intestine shows intense congestion at 
tips of villi but no actual hemorrhage. 
In the liver there is congestion about the central veins with atrophy of some of 
the liver cells.  The cells about the central zone contain a large amount of finely 
granular yellowish pigment which gives no stain for iron. 
The kidneys show normal glomeruli.  Very occasional small clusters of lympho- 
cytes are noted in the cortex.  The tubular epithelial ceils contain large amounts 
of coarsely granular yellow pigment which gives no stain for iron. 
Lymph gland of mesentery shows  no myeloid metaplasia and no megakaryo- OEHLBECK~ ROBSCHEIT-ROBBINS~ AND  WHIPPLE  433 
cytes.  There  are  numerous eosinophiles.  There  is  abundant finely granular 
pigment in the medulla. 
Long Bones.--The  marrow picture is one of extreme hyperplasia, there being a 
solid mass of cells representing all stages in development of both white and red 
cell series.  Active marrow has entirely replaced the fat, and not a single fat cell 
can be seen in any of the  sections from the long bones.  The sections all are 
essentially similar, the most striking feature of which is the marked erythroid 
activity (Figs.  1 and 2).  Throughout all the sections great numbers of normo- 
blasts are noted as well as large numbers of their precursors.  The megakaryocytes 
are not as numerous as seen in some specimens of extreme hyperplasia, but several 
are seen in each low power field.  The myeloid activity is somewhat masked by the 
extreme erythroid hyperplasia.  NeutrophiUc myelocytes are much more numer- 
ous than other cells of  this  series.  Mature red  cells  are  present in moderate 
numbers in all parts of the red marrow. 
Rib and Vertebral Marrow.--After  decalcification the staining in these sections 
is poor.  The marrow spaces however can be seen to be densely packed with cells 
with not a single fat cell being present.  Cell types cannot be distinguished with 
any certainty.  The mature red cells in this dog's marrow are no more numerous 
than in Dog 24-42 where the theoretical reserve storage of hemoglobin  factors 
was at a low level. 
Dog 27-231.~A young adult, female bull, weight 12.05 kg. at the beginning of 
the anemia period March 14, 1929.  Dog has been raised since weaning on a diet 
of standard salmon bread.  There was uninterrupted anemia until death July 22, 
1930.  The blood hemoglobin level was kept at a  level of 40 to 50 per cent for 
1 year and 4 months.  Death followed  an intravenous injection of ferric ammo- 
niura citrate.  There were no untoward symptoms for 7 hours following the injec- 
tion.  The next morning there was an onset of con~lsions and the animal died 
of respiratory failure 24 hours after the injection.  The diet for the 9 week period 
preceding death was as follows.  The theoretical reserve hemoglobin storage on 
this diet should be at a minimal level. 
Dog 27-231. Diet,  daily  intake 
e 4.2 rag. intraven., bread 300 gin., salmon 
Klim 25 gin. 
e 4.2 rag. intraven., bread 300 gin., salmon 
Kllm 25 gin. 
read 275 gin., salmon 100 gin., Klim 30 gin. 
read 275 gin., salmon 100 gin., Klim 30 gin. 
e 8.0 rag., bread 275 gin., salmon 100 gin., 
gm. 
e 8.0 nag., bread 275 gin.,  salmon 100 gin., 
gm. 
read 275 gin., salmon 100 gin., Klim 30 gm. 
read 275 gin., salmon 100 gin., Klim 30 gm. 
read 275 gin., salmon 100 gin., Klim 30 gm. 
100 gin., 
100 gin., 
Klim 30 
Klim 30 
......  I 
Blood Hb. 
level 
~r cent 
46 
36 
45 
39 
47 
45 
44 
42 
43 
Hb. 
removed 
bled 
gm. 
10.2 
0 
0 
21.4 
10.3 
14.5 
13.9 
0 
Wks. before 
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Au2opsy.--The autopsy is done immediately following death.  At this time the 
dog weighs  12.5  kg.  There  are no  external abnormalities, the  dog being well 
developed and well nourished.  In the peritoneal cavity there are  150  cc.  of a 
blood tinged fluid.  The heart is normal in size, the valves showing no abnormali- 
ties.  The lungs are pale showing minimal markings with anthracotic pigment. 
The stomach is contracted and contains a  small amount of coffee colored fluid. 
There is marked congestion of the vessels of the small intestines and colon, but no 
definite areas of hemorrhage.  The spleen, pancreas and liver appear normal.  No 
evidence of any renal damage,  the capsules stripping readily leaving a  smooth 
unscarred surface. 
Bones.--In the femora and humeri, there is marked hyperplasla, strawberry red 
throughout.  The bony trabeculae are conspicuous, much  more so than usual so 
that the entire marrow cavity feels hard.  The remainder of the long bones show 
the same type of hyperplasia, no fat being visible. 
Microscopical Sections.- 
In the spleen are found many megakaryocytes.  Some phagocytes containing 
granular yellowish brown pigment are seen.  Few if any myelocytes are seen. 
The section also shows nucleated red cells in moderate numbers. 
The liver shows a widespread portal necrosis.  The greater number of liver cells 
show some injury with fatty changes.  A  few polymorphonuclears are scattered 
throughout  the parenchyma.  This change is obviously related to the injection 
of iron citrate. 
Bone Marrow.--Sections from all the large bones are essentially similar.  All of 
the fat has been demobilized and replaced by active marrow.  Scarcely a fat cell 
can be found.  The normoblasts and their parent cells are present in enormous 
numbers.  There are no  large sinuses packed with red cells but  the  latter are 
distributed diffusely throughout the marrow.  The megakaryocytes are not quite 
as numerous  as usually seen  in marrow  showing as much  hyperplasia as  this. 
They show occasional phagocytosis of cell fragments.  Eosinophilic myelocytes 
are few in number. 
No fat ceils are present in sections from the vertebrae and ribs.  The hyperplastic 
marrow shows great erythroid activity as enormous numbers of normoblasts and 
large numbers of their precursors are present. 
Dog 20-104.--An adult, male bull, weight 8.0 kg. at the beginning of the anemia 
period July 15,  1920.  Until 1923 the anemia periods were interrupted and the 
blood hemoglobin level somewhat higher than the usual level of 40 to 50 per cent. 
From 1923 until time of death May 22,  1925,  the blood hemoglobin was kept at 
the usual level and the anemia was uninterrupted.  The animal was sacrificed by 
perfusion and the muscle extracted.  The diet for the 10 week period preceding 
death was as follows.  The  theoretical reserve hemoglobin storage on  this diet 
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Dog 20-104.  Diet, daily intake 
Pig brain 200 gin., bread 300 gm  .................. 
Pig kidney 200 gin., bread 300 gm  ................ 
Beef muscle 50 gm., bread 400 gm  ................ 
Pig muscle 200 gm., bread 300 gm  ................ 
Pig muscle 200 gm., bread 300 gm  ............... 
Bread 400 gin., salmon 75 gm  ................... 
Pig heart 200 gin., bread 300 gm  ................. 
Pig heart 200 gm., bread 300 gm  ................. 
Bread 350 gm., salmon 100 gm  .................. 
Pig liver 150 gm., bread 300 gm  ................. 
I  Hb.  Blood Hb. [  removed 
level  bled 
~r cent  [ 
43  [ 
55 
5o 
56 
47 
44 
48 
48 
4o 
57 
gm. 
0 
12.8 
0 
10.6 
0 
0 
9.9 
12.4 
0 
15.7 
Wks. before 
death 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Autopsy.--Weight of dog 10.5 kg.  The animal is well nourished and there are 
no  external abnormalities.  Subcutaneous tissue is  pale  as  are  also  the  heart, 
lungs, spleen, pancreas and liver.  The kidneys are particularly pale in region of 
the pyramids.  Lymph nodes contain brilliant vital red dye, some of which is also 
seen in the renal cortical region. 
Bones.--In the femora and humeri the marrow is uniformly  dark red throughout. 
The tibiae, radii and ulnae have marrow of the same appearance in the upper two- 
thirds, but the distal portions are filled with pale fat. 
Microscopical Sections.-- 
Because of the perfusion very few red cells are to be found in any of the tissues. 
The liver contains considerable glycogen.  In the tubular cells of the kidneys 
there is a small amount of yellow pigment which is non-iron  staining. 
In the  spleen there  are  found scattered  normoblasts  in moderate  numbers. 
Megaloblasts are not conspicuous but several  are seen.  Very few pigment con- 
taining phagocytes are present. 
Bone Marrow.--Advanced hyperplasla with only an occasional isolated fat cell 
visible in the long bones.  Normoblasts are present in extremely large numbers. 
Red cells  are few  because of the perfusion.  Capillaries are infrequently noted 
and no sinuses densely packed with red cells  are observed.  Red cells  in small 
numbers are scattered about in the stroma. 
The  cells  of  the  granulocytic series  are  also  numerous, several eosinophilic 
myelocytes and early leucocytes being  present in a  medium high power  field. 
The  megakaryocytes  are  present  in  numbers  usually  found  in  such  hyper- 
plastic marrow. 
Vertebrae.--No  fat.  Few  megakaryocytes  can  be  distinguished.  Normo- 
blasts  are  the  only  cells  which  can  be  differentiated.  These  are  present  in 
large numbers. 
Dog 20-1.--A young adult, female bull, weight 13.3 kg.  at the beginning of the 
anemia period October 27,  1919.  The anemia period was interrupted during the 436  MAP.ROW  HYPERPLASIA  IN  ANEMIA 
summer months for 3  years.  From October  10,  1923, until June 24,  1925,  there 
was continuous anemia with the blood hemoglobin level being maintained at the 
usual level of 40 to 50 per cent.  The dog was sacrificed and perfused for extraction 
of muscle hemoglobin.  The diet for the 12 week period preceding death is given 
in following table.  The theoretical reserve hemoglobin storage on this diet should 
be at a  minimal level. 
Dog 20-1.  Diet,  daily  intake 
Prunes 300 gm., bread 400 gm  ................... 
Prunes 300 gm., bread 400 gm  ................... 
Bread S00 gm  ................................. 
Bread 500 gm., salmon 50 gm  ................... 
Butter 50 gm., bread 400 gm  .................... 
Butter 50 gm., bread 400 gm  .................... 
Bread S00 tim., salmon 50 gm  ................... 
Bread 500 gin., salmon S0 gm  ................... 
Fasting .......................................... 
Fasting .......................................... 
Bread 500 gm., salmon 50 gm  ................... 
Bread 500 gm., salmon 50 gm  ................... 
Blood Hb. 
leve____~l 
I  per cent 
58 
56 
45 
46 
44 
48 
42 
48 
42 
47 
49 
? 
Hb. 
removed 
bled 
gnL 
23.3 
19.2 
19.0 
0 
11.1 
11.6 
0 
0 
12.4 
0 
0 
13.9 
Wks. before 
death 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Autopsy.--The weight of the dog is 18.8 kg.  The animal is exceptionally well 
developed  and  well nourished.  There  is  a  large  amount  of  subcutaneous  fat 
which is stained with the brilliant vital red dye.  The muscles appear to contain 
somewhat more muscle hemoglobin than in other anemic dogs.  The heart, lungs, 
spleen, pancreas,  liver and neck organs are normal.  The gall bladder shows evi- 
dence of chronic inflammation.  The staining with the vital dye is also noted in 
mesenteric glands, ovaries, adrenals, uterus,  intestines, bladder wall and kidneys. 
Kidneys show a  few scars. 
The marrow as seen in the femora and humeri is extremely cellular with small 
grayish islands.  The upper ends of the tibiae and radii are dark red; the middle 
portions contain considerable fat and the lower ends are all fat.  The ulnae show 
red marrow  throughout.  Ribs and vertebrae not recorded. 
Microscopical Sections.- 
In the spleen the  normal structures are interspersed by small groups of normo- 
blasts at frequent intervals but their precursors are difficult to distinguish with any 
certainty.  There are few megakaryocytes. 
The liver cells show no abnormalities.  The gall bladder shows infiltration with 
mononuclear cells in the submucosa. 
The  kidneys  show occasional small  clusters  of round  cells in  the  cortex near 
the surface.  An occasional glomerulus  shows  some  injury  with  thickening  of OEHLBF.CK~ ROBSCHEIT-ROBBINS~ AND  WHIPPLE  437 
the  capsule.  The epithelial cells of the convoluted tubules are heavily loaded 
with a  yellow granular pigment. 
Femora.--This hyperplastic marrow has a  loose,  coarse textured arrangement 
of the cells  following the perfusion.  Relatively few  mature red cells are seen. 
The  normoblas'ts are  present  in  fairly  large  numbers.  Several  megaloblasts, 
mainly in sman dumps, are observed.  Ceils of the granuloeytic series are repre- 
sented by neutrophilic myeiocytes although an occasional mature leucocyte can 
be seen.  The megakaryocytes are present in numbers usually  consistent with 
hyperplastic marrow of this grade. 
Humeri.--Exeept  for a  smaller amount of residual fat  the marrow is similar 
to that of the femora. 
Tibiae.--Tbe proportion of fat to active marrow is approximately reversed from 
what is seen in the femora and humeri.  Like that marrow the sinuses and large 
vessels are washed free from red cells by the perfusion. 
Ulnae.--Essentially similar to the tibia1 marrow. 
Dog. 21-23.~A  young adult, bull mongrel, weight 14.1 kg.  at the beginning of 
the  anemia period in May,  1921.  There  were  interrupted periods  of  anemia 
until September 3, 1924, when from this date until death June 5, 1926, there was 
an uninterrupted anemia with a blood hemoglobin level of from 40 to 50 per cent. 
The dog died immediately foUowing an intravenous injection of hemoglobin on 
June 5, 1926.  The diet period for 11 weeks preceding death was as follows.  The 
theoretical reserve hemoglobin  storage on this diet should be at a low level. 
Dog 21-23.  Diet, daily intake 
Liver 100 gm., bread 250 gm  .................... 
Liver 100 gin., bread 250 gm  .................... 
Bread 400 gin., salmon 50 gm  ................... 
Bread 400 gin., salmon 50 gm  ................... 
Bread 400 gin., salmon 50 gm  ................... 
Bread 400 gin., salmon 50 gm  ................... 
Muscle ttb. intraven., bread 325 gin., salmon 75 gin. 
Muscle Hb. intraven., bread 325 gm., salmon 75 gm. 
Bread 350 gin., salmon 50 gm  ................... 
Bread 350 gin., salmon 50 gm  .................... 
Bread 350 gin., salmon 50 gm  .................... 
Blood Hb. intraven. (4 doses 2.04 gin. total)  ....... 
Blood Hb. 
level 
per cent 
73 
54 
48 
55 
46 
32 
36 
28 
38 
46 
47 
Death 
~Ib. 
re  lOved 
~|ed 
.'m. 
:3.4 
;5.5 
3.6 
7.6 
:5.2 
9.3 
0 
0 
0 
8.2 
0 
Wks. before 
death 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Autopsy.--Weight  of  dog  17.2 kg.  The  animal  is  well  developed and well 
nourished with no external abnormalities.  There is apparent slow  and  incom- 
plete coagulation, the right ventricle being greatly dilated and containing a  few 
soft clots.  Moderate anthracotic pigment is present in lungs.  The liver is con- 438  MARROW  HYPE1LPLASIA IN  ANEMIA 
gested and the spleen is congested and enlarged having conspicuous malpighian 
bodies  which  show  through  the  capsule.  Pancreas  is  normal.  The  kidney 
architecture is undisturbed, there being some congestion and a  few small scars. 
The muscle coats of the intestinal tract show a  pale buff color.  ThereAs only 
moderate congestion of the mucosa.  The mesenteric glands are pinkish  (vital 
red dye). 
Bones.-- 
Femora--distal  one-third almost entirely brick red marrow.  The middle one- 
third is at least one-half fat. 
Humeri--cellnlar, brick red throughout. 
Tibiae--upper one-half consists  of more  than  60  per  cent  fat,  the  lower is 
almost all fat. 
Radii--upper one-half is red, but contains large amounts of fat.  The lower 
one-half is largely fat, less than one-fifth showing red marrow. 
Ulnae  similar to marrow found in radius. 
Microscopical Sections.- 
The spleen shows numerous megakaryocytes, several being seen in each high 
power field.  No myelocytes made out.  There are scattered clusters of normo- 
blasts.  The malpighian bodies and germinal centers are conspicuous. 
Mesenteric lymph gland shows some fine granular pigment in its medulla.  No 
evidence of marrow cells. 
The liver shows  a  moderate amount  of fat  which  is centrally located.  The 
liver cells are frothy looking and contain no pigment. 
The  kidneys give evidence of degenerative change  in some glomerular tufts. 
There is no increase in stroma.  Casts are absent.  The tubular epithelial ceils 
contain considerable yellow pigment. 
Femora.--Large  solid cellular areas of active marrow alternate with almost as 
large areas of fat.  Normoblasts are seen in fairly large numbers but are not as 
numerous  as frequently seen in marrow  showing as much  hyperplasia as  this. 
Megaloblastic clumps are observed.  Mature red cells are not  numerous.  The 
cellular mass is not loosely arranged with a  large amount of intercellular matrix, 
but is extremely compact and densely packed.  There are no large blood filled 
sinuses.  Mitotic figures are not  uncommon.  Megakaryocytes  average  2  to  3 
per medium high power field.  A fair number of myelocytes and metamyelocytes 
are observed.  There are large munbers of undifferentiated cells. 
Tibiae, Radii and Ulnae.--Section  shows about 85 per cent fat.  The areas of 
active marrow are apparently no different from those of the femora. 
Humeri.--A highly compact and complex cellular mass with a  small scattering 
of fat cells.  There is no apparent difference from the femoral marrow.  Large 
or relatively large numbers of megaloblasts are observed. 
Ribs.--Cells are hard to differentiate except for the numerous megakaryocytes 
and normoblasts.  Only an occasional fat cell is visible. 
Dog. 24-42.--A  young adult, male bull, weight 15.6 kg. at the beginning of the OEHLBECK~ ROBSCHEIT-ROBBINS~ AND  WHIPPLE  439 
anemia period September 3,  1924.  There was uninterrupted anemia until death 
December 3,  1925.  The blood hemoglobin level during this interval was  kept 
depressed  to  40  to  50  per  cent by suitable bleedings.  Death  followed  within 
a few hours after the onset of an acute respiratory infection.  The diet for the 10 
week period preceding death was as follows.  On this diet the theoretical reserve 
hemoglobin storage should have been low. 
Dog 24-42.  Diet, daily intake 
Cooked dried apricots 250 gm., bread 450 gm  ...... 
Cooked dried apricots 250 gin., bread 350 gm  ...... 
Bread 600 gm  ................................. 
Bread 600 gm  ................................. 
Fresh cooked apples 200 gin., bread 400 gm  ....  ... 
Fresh cooked apples 200 gin., bread 400 gm  ....... 
Bread 600 gm  ................................. 
Bread 600 gm  ................................. 
Bone marrow powder 30 gin., bread 650 gm ....... 
Bone marrow powder 30 gin., bread  500 gin., salmon 50 
gm  .......................................... 
d Hb. 
vel 
cent 
58 
50 
47 
48 
48 
47 
41 
39 
Hb, 
removec 
bled 
gm. 
13.4 
17.9 
0 
0 
12.0 
0 
13.0 
0 
10.5 
0 
Wks. before 
death 
10 
9 
8 
7 
6 
5 
4 
3 
2 
Autopsy.--The weight of the dog is 15.2 kg.  The dog is well developed and well 
nourished having no external abnormalities.  Heart is normal.  There is an acute 
pleurisy, the pleural surfaces being speckled with numerous small hemorrhages. 
Edema and congestion of lung is marked and on cut section a heavy frothy exudate 
can be pressed  from  the  alveoli.  The  spleen and pancreas are  normal.  The 
intestinal tract  is stained a  dark brown, the  mucosa being pink and injected, 
with evidence of a slight inflammation  in the jejunum.  The liver is slightly fatty, 
a  frozen section of which shows  extensive focal necroses with many leucocytes. 
The parenchyma of each kidney is normal.  In the pelvis of the left kidney there 
are moderate sized calculi and in the right two smaller ones. 
Bones.-- 
Femora--brick red with fat in central core. 
Humeri--brick  red throughout. 
Tibiae--upper two-fifths red, middle one-fifth  mottled red and fat, lower two- 
fifths pure fat. 
Radii--upper two-thirds brick red, pale in lower one-third. 
Ulnae--upper one-third mottled with some fat, lower two-thirds pure fat. 
Microscopical Sections.- 
The sections of the lungs show small areas where the alveoli are densely packed 
with red cells and polymorphonuclear leucocytes.  In some of these areas there 440  MARROW HYPERPLASIA IN  ANEMIA 
is  early organization.  Several  of the alveoli contain delicate  strands  of fibrin 
a  few  polymorphonuclears  and  some  large  mononuclears.  There  is  consider- 
able edema. 
Spleen  shows  small  clusters  of  normoblasts.  The  megakaryocytes  average 
less than one in each high dry field.  The malpighian bodies are prominent and 
they have large germinal centers.  In the latter are found many mitotic figures. 
There is extreme liver injury and but relatively few normal appearing liver cells 
remain, these being located about the portal region.  The cells about the central 
zone show extensive necrosis and fatty changes with infiltration of large numbers 
of polymorphonuclears.  The  hyalin  necrosis  involves approximately  one-third 
of the liver parenchyma. 
The kidneys appear normal except for the cells of the convoluted tubules which 
contain a large amount of yellow pigment. 
Femora.--A  large amount of hyperplastic marrow which shows only occasional 
fat cells.  The normoblasts are seen in extremely large numbers and are generally 
scattered  throughout  the  section.  They  are  the  most  conspicuous  single  cell 
type.  Normal red cells are numerous.  Megaloblasts are also numerous and can 
be seen in clumps made up of several adherent  cells.  The red cell  chain is  as 
conspicuous if not more so than in Dog 25-24 in which dog is recorded a  theoretical 
maximum  hemoglobin  reserve.  Megakaryocytes  are  large  with  brilliant  pink 
cytoplasm.  They are present  in large  numbers,  sometimes  several  being  seen 
in  a  medium  high  power  field.  Some  megakaryocytes  are  phagocytic.  The 
granulocytes are somewhat overshadowed by the great  activity in  the red  cell 
series.  Myelocytes of the eosinophilic and neutrophilic  types are noted in fair 
numbers. 
Humeri.--Almost  solid areas of hyperplasia.  Few scattered  fat  cells  and an 
occasional  area  of  solid  fat  is  noted.  Cellular  picture  essentially  similar  to 
the  femora. 
Tibiae.--No essential difference noted in the sections from the upper and middle 
thirds.  The greater part of the marrow consists of fat; where there is some hyper- 
plasia, however, there is evidence of great activity in the erythroid series.  Normo- 
blasts are exceptionally numerous. 
Dog 24-2.--Adult,  male  white  bull,  weight  16.8  kg.  Dog was  anemic  from 
November 21,  1923, to March 12, 1924, when the dog developed distemper.  He 
recovered and was put in the stock colony until July 21, 1927, when he was again 
made anemic and remained at the usual anemia level until death January 10, 1930. 
This  dog at  times had  albuminuria  and  occasional casts but  the extent  of his 
nephritis  was not appreciated.  Dog was killed  with  ether.  On the diet listed 
below during 11 weeks preceding death, the theoretical reserve hemoglobin storage 
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Dog 24-2.  Diet, daily intake  Blood 
Hb. leve.______~l 
[  t~tr ce~  [ 
......  497  Bread 350 gin., salmon 75 gin., Klim 25 gm. 
Bread 350 gin., salmon 75 gin., Klim 25 gin. 
Bread 350 gin., salmon 75 gin., Klim 25 gm  .......  45 
Apricots 200 gin., bread 300 gin., salmon 100 gin., Kllm 
30 gm  ....................................... 
Apricots 200 gin., bread 300 gm., salmon 100 gin., Kllm 
30 gm ...................................... 
Bread 325 gin., salmon 100 gin., Klim 40 gm  ...... 
Bread 325 gin., salmon 100 gin., Klim 40 gm  ...... 
Bread 325 gin., salmon 100 gin., Klim 40 gm  ...... 
Liver 100 gin., bread 200 gin., Klim 40 gm  ........ 
Liver 100 gin., bread 200 gin., Klim 40 gm  ........ 
Bread 275 gin., salmon 125 gin., Klim 35 gm  ...... 
57 
55 
48 
50 
45 
43 
43 
50 
~b. 
removed 
bled 
19.7 
13.9 
1.2 
19.3 
17.5 
1.4 
23.8 
1.3 
40.2 
1.3 
15.7 
W~. 
before 
death 
11 
10 
9 
Autopsy.--Weight  of dog at death 12.5 kg.  Dog is slightly emaciated but the 
body shows nothing unusual.  Heart shows normal valves and muscle tissue.  In 
the left auricle above the mitral valve is a  granular vegetation about  1 x 3 rnrn, 
It is calcified and obviously old, perhaps related to the attack of distemper 6 years 
previously.  Lungs normal.  Spleen normal.  Liver, gall bladder,  pancreas and 
gastrointestinal  tract  are  perfectly  normal  in  gross.  Kidneys  show  relatively 
little gross change but the striae of the cortex are irregular.  Bladder urine shows 
albumin, casts and a few red and white cells. 
Bones.- 
Femora contain mostly fat in the shaft and cancellous tissue. 
Humeri contain fat in the upper half and some red marrow in the lower half. 
Tibiae almost all fat in shaft and cancellous bone. 
Radii and ulnae as in tibiae. 
The ribs and vertebrae show red marrow which in gross appears as usual. 
Microscopical Sections.-- 
Heart.--The  muscle fibres are normal in most areas.  The vegetations noted 
in gross are in most instances old and organized and covered by intact endothelium. 
A few fresh vegetations are found and below these areas polymorphouuclears are 
numerous---a chronic endocarditis with an acute exacerbation. 
Kidneys.--As  might  be  expected  from  the  endocarditis  kidneys  show  much 
glomerular injury  with  adhesions  between  glomerular  tufts  and  capsule.  The 
capsules are  thick and  fibrous.  There are  nests of mononuelear cells scattered 
throughout the cortex.  Many tubules are dilated and some contain casts.  The 
blood Vessels are thickened.  We have the picture of a primary nephritis as seen 
in man.  Many of the convoluted tubules show a coarsely granular bright yellow 442  MARROW  HYPERPLASIA  IN  ANEMIA 
pigment  within  the  epithelium.  This  pigment  does  not  give  an  iron 
stain. 
Spleen shows nothing unusual.  Megakaryocytes are not numerous but when 
found appear in small groups.  Nucleated red cells are very infrequent.  Eosino- 
philic  cells  are  numerous.  Malpighian  bodies  normal.  The  arterioles  show 
hyalin changes and much  thickening. 
Liver shows normal epithelium.  The liver cells in the centers of the lobules 
show  some  finely  granular  yellow  pigment  which  is  negative  for  iron.  No 
abnormal cells found anywhere. 
Pancreas and gastrointestinal tract normal. 
Thyroid shows an adenoma made up of small acini and containing no colloid-- 
fetal adenoma.  Elsewhere thyroid acini are normal. 
Bones.--Femora and humeri show marrow cavities filled with fat.  Only small 
areas close to the bony shell show the usual red marrow.  Where this red marrow 
is found it is normal in all respects and obviously made up of active cells.  Nucle- 
ated red cells are very numerous.  Megakaryocytes are numerous and large and 
myelocytes are present as usual. 
Tibiae show practically all fat with only an occasional cluster of normal mar- 
row cells. 
Vertebrae show a  good deal of red marrow but one-half to four-fifths of these 
sections are made up of normal fat cells.  Where the red marrow is found all of 
its  cells  appear  normal  and  very  active.  Nucleated  red  cells  are  very 
nunlerous. 
Rib.--This  tissue shows more red marrow hyperplasla than  any part of the 
skeleton  but  even  here  fat  cells  arc  seen  in  all  sections.  The  marrow  cells 
are  all  normal  and  obviously active.  Nucleated  red  cells  are  found  every- 
where. 
Dog 18-114.--A young adult, female bull mongrel, weight 15.4 kg. at the begin- 
ning of the anemia period February 12,  1920.  The anemia periods alternated 
with recovery periods during 3  years.  From February,  1923,  until June,  1927, 
there was continuous anemia with the usual hemoglobin level of 40 to 50 per cent. 
Just before death there was vomiting and drowsiness with a temperature of 98.7°F. 
There was an extremely foul breath.  On the day before death there was a non- 
protein nitrogen of 231  mg.  per  100  cc.  and a  blood urea nitrogen of 146  rag. 
per 100 cc.  The urine contained albumin, Esbach 1.5 gm./liter, and many granular 
and epithelial casts, also a  few red cells and leucocytes.  The dog was sacrificed 
with ether and bleeding on June 16,  1927.  The diet for the 7 week period pre- 
ceding death is given in the following table, except that liver residue was only 
given three times in the last week.  The theoretical reserve hemoglobin storage 
on this diet was at a low level. OEHLBECK~  ROBSCHEIT-ROBBINS~ AND  WHIPPLE  443 
Dog 18-114. Diet,  daily  intake  Blood 
Hb. level 
per c~t 
Liver extract  equiv. 600 gm. liver, bread 250 gin., sal- 
mon 75 gm  ................................... 
Liver extract  equiv. 600 gin. liver, bread 250 gin., sal- 
mon 75 gm  ..................................  46 
Bread 250 gin., salmon 100 gin., Klim 50 gm  .......  47 
Bread 225 gm, salmon 75 gm., Klim 25 gm  ........  ]  48 
Bread 225 gm., salmon 75 gm., Klim 25 gm  ........  I  44 
Bread 225 gm., salmon 75 gin., Klim 25 gm  ........  [  48 
Liver residue equiv. 600 gm. liver, bread 250 gm., Klim 
25 gm  ........  /  49 
50 
Hb. 
removed 
bled 
gra. 
10.5 
0 
0 
14.7 
12.7 
0 
Wli$. 
before 
death 
Autopsy.--June  16, 1927.  The weight of the dog is 12.7 kg.  There has been 
considerable weight loss but no other abnormalities are noted.  The heart shows 
hypertrophy of the left ventricle but no valvular changes.  Lungs are collapsed 
and heavily pigmented.  The spleen, liver, gall bladder and urinary bladder are 
normal.  The intestines show the maple sugar color in the muscle coat which fol- 
lows prolonged liver feeding.  There is a chronic pancreatitis which is more marked 
in the middle third.  The adrenals are enlarged showing over 50 per cent increase 
in size.  Both kidneys are enlarged and firm with evident increase in connective 
tissue, no hemorrhages, no irregularity of the architecture.  The capsule strips 
easily leaving a  smooth unscarred surface.  The pyramids are pale, the pelves 
normal. 
Bones.--All the bones are more brittle than those of younger dogs. 
Femora.  Upper end and neck pale brick red, lower end all white.  Middle 
three-fifths nearly all fat.  The marrow is watery and edematous differing from 
the usual anemia marrow. 
Humeri.  Upper and pinkish red  cancellous marrow.  The  lower  end is  all 
white  cancellous bone.  The  middle  three-fifths  is  mostly  fat  with  marginal 
patches of red marrow. 
Tibiae, radii and ulnae.  No red marrow to be seen.  Shaft contains fat only. 
Epiphyseal ends are white. 
The vertebral and rib marrow has the normal dark red color. 
Microscopical  Sections.m 
The heart shows  scattered small collections of polymorphonuclear and mono- 
nuclear cells indicating focal injury of the myocardium.  Often these areas are 
adjacent  to  small blood  vessels.  The  muscular fibres  are  moderately  hyper- 
trophied. 
The spleen shows evidence of definite erythrogenesis.  Large numbers of megalo- 
blasts and even greater numbers of normoblasts are evident.  Megakaryocytes 
are seen in larger numbers than in any spleen of this series  (Fig. 6).  A moderate AAA  MARRow HYPERPLASIA IN ANEMIA 
amount  of  yellowish  brown  pigment  in  phagocytic cells  is  noted  throughout 
the pulp.  The lymph follicles  are of normal appearance. 
In the pancreas small areas of acinar tissue have been replaced by fibrous tissue 
in  which  the  ducts  stand  out  prominently.  The  remaining  pancreatic  tissue 
is  normal. 
The liver contains a small number of scattered fat cells.  Polymorphonuclears 
in small numbers are seen throughout the liver parenchyma. 
The kidneys  show extensive glomerular injury with  adhesions and fibrosis  of 
the  tufts.  There  is  marked  thickening of the  capsules and  adhesions  between 
glomerulus  and  capsule  are  numerous.  Hyalin  thrombi  are  frequently  noted. 
The tubules are much larger than normal having a low epithelial  lining.  Many 
of the  tubules  contain hyalin  casts,  some of which are impregnated  with  lime 
salts.  The cortex shows considerable interstitial fibrosis and mononuclear infiltra- 
tion.  The tubular epithelial cells contain a moderate amount of yellow pigment 
and many fat droplets. 
Right Femur.--Two  sections  are  available  from right  femur.  These  consist 
largely of fat.  Small areas of active marrow are present on the peripheral portion 
of the marrow core.  A very small amount of fat has been replaced by red marrow 
for the small amount of marrow activity is confined to areas between the fat cells. 
Of the cells present, normoblasts form a fairly large proportion.  The megaloblasts 
in strands and small clumps are present in somewhat unusual numbers.  Erythro- 
blasts are also numerous.  Relatively few myelocytes or early leucocytes can be 
seen.  There are several megakaryocytes in each medium high power field (Fig. 5). 
Right Tibiae.--Entirely made up of fat; no marrow cells. 
Left Humerus.--This section is entirely similar to the ones from the right femur 
--both in the amount of active marrow and in the type of cells present  (Fig. 4). 
Ribs.--The rib marrow shows about one-third fat.  Cellular types in all decalci- 
fied  sections  are  differentiated  with  difficulty.  Megakaryocytes are  made  out 
with ease and are present in large numbers.  Cells having an eosinophilic cyto- 
plasm are numerous. 
Vertebrae.--Of  the four vertebral sections three are practically similar  to the 
rib sections.  One of the vertebral sections, however, gives a picture of complete 
aplasia.  The  marrow is  entirely  made  up  of fat  with  but  an  occasional very 
small group of cells  (Fig. 3). 
Note.--This  dog shows only slight failing in capacity to produce hemoglobin 
and  red  blood  cells  even  in  the  face  of extreme  hypoplasia  or  exhaustion  of 
red marrow. 
DISCUSSION 
In  spite  of the  comprehensive  observations  of Peabody  (5),  Sabin 
(8,  3),  Doan  (1,  2),  Cunrdngham  (3)  and others,  we felt  that  it was 
essential  to carry out a  study of the red marrow in these dogs whose 
life history is known from birth.  The only abnormality in most cases OEHLBECK, I~OBSCHEIT-ROBBINS, AND  WHIPPLE  445 
is  a  long  continued severe anemia  due  to  bleeding.  The  pigment 
production of this type of dog has been carefully studied in this labo- 
ratory and includes both hemoglobin and bile pigment output under 
a  variety of controlled conditions. 
Expecting marrow exhaustion in these long continued anemia experi- 
ments, we were disappointed, and it is evident that the red marrow of 
these dogs can stand the strain of a continuous severe anemia for very 
long periods and in some cases throughout the entire life of the dog. 
In Dog 18-114 (see Table 2) there seems to be some evidence of marrow 
exhaustion and the red marrow spread is reduced to very restricted 
limits.  In spite of this limited amount of red marrow this dog pro- 
duced reasonable amounts of new hemoglobin from week to week and 
there was no spectacular fall in the output of hemoglobin and new red 
cells  (see history above, Dog 18-114).  We may say that there is a 
moderate drop in hemoglobin production during the last few weeks 
of life but it is in no way proportional to the great shrinkage in the 
red marrow area of spread. 
Another dog shows a limited red marrow spread (Dog 24-2,  Table 2 
and history above) but this dog has approximately twice as much red 
marrow as Dog 18-114.  This second dog (24-2)  shows no diminution 
in the output of hemoglobin and red cells on standard diets in the last 
weeks of life.  This red marrow in spite of its limited area was able 
to produce the usual amount of new red cells and there is no evidence 
to indicate marrow exhaustion although there is red marrow shrinkage. 
In both these dogs with very limited red marrow spread (Dogs 24-2 
and 18-114)  the red marrow elements remaining appear in all respects 
normal and show evidence of the usual active production of red cells. 
It would seem that this small amount of red marrow must be pro- 
ducing red cells with maximum efficiency per gram of red marrow. 
These same two dogs show a considerable degree of chronic nephri- 
tis and Dog 18-114  was approaching uremia.  We can find no clear 
evidence that the chronic nephritis is related to the limited or decreased 
red marrow spread as we can refer to two dogs in the second half of 
Table  1  (Dogs  19-104  and  24-49)  with  similar  types  and  grade  of 
nephritis but with an average red marrow spread.  Chronic nephritis 
appears in dogs past middle age and frequently in dogs which have 
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the red marrow to occupy a  smaller area of the bony skeleton.  It is 
possible that this shrinkage of the red marrow area may be a part of 
the atrophy of old age in both normal and anemic dogs. 
Spleen metaplasia with erythrogenesis in this series of dogs appears 
definite but not striking in the majority of cases.  Among the early 
workers in this field Morris (4) observed in anemic rabbits a somewhat 
similar reaction in the spleen.  He noted erythrogenesis in the liver 
as well.  We have never observed any change in the livers of these 
dogs indicating marrow metaplasia.  Also the lymph glands are free 
of evidences of marrow metaplasia and erythrogenesis. 
The spleen shows varying numbers of megakaryocytes, see Table 3 
and Fig. 6.  There are nests of nucleated red cells in the spleen pulp 
in practically all cases.  One might explain these nucleated red cells 
as coming from the marrow and not arising within the spleen but the 
evidence seems  to  indicate  that  some  red  cells  are  formed in  the 
spleen pulp.  We do not believe that the spleen is ever a large factor 
in red cell production under these conditions.  An occasional myelo- 
cyte is seen in the spleen pulp. 
SUMMARY 
In long continued severe anemia due to bleeding in dogs we may 
observe all degrees of red marrow spread.  The maximM red marrow 
spread takes in the total marrow area in ribs, vertebrae and long bones. 
The minimal red marrow spread may involve but  10 to 20 per cent 
of  this  maximal  area.  All  gradations  between  these  extremes are 
observed in this series. 
The extent of the red marrow spread is not dependent upon  the 
length of the anemia period nor is it related to the capacity of the dog 
to produce new hemoglobin and red cells on standard diets. 
Evidence points  to  the liver  as  concerned with  this  hemoglobin 
production and liver function may set the limits for hemoglobin pro- 
duction on  these standard  diets.  This  in  turn may determine the 
needful red marrow spread. 
During favorable diet periods there is a  storage of hemoglobin or 
hemoglobin precursors which come out later in  the control periods 
as finished red cells.  This reserve of hemoglobin producing material 
is not stored as mature red cells in the marrow or elsewhere but as OEHLBECK,  ROBSCHEIT-ROBBINS,  AND WHIPPLE  447 
intermediates stored probably in the liver and red marrow but also 
perhaps in the kidney and spleen. 
Red marrow very rarely gives evidence of exhaustion even after 
many years of continuous severe anemia (Dog 18-114).  This would 
seem to consist of a  shrinkage of the red marrow area rather than a 
degenerative change of the red marrow cells. 
The spleen shows some evidence of erythrogenesis in  these dogs. 
Megakaryocytes in some instances are conspicuous (Fig. 6) and nests 
of nucleated red cells are found in the spleen pulp but it is unlikely 
that the spleen contributes any large amount of red cells to the anemic 
circulation in these experiments. 
There  is  no  evidence that  erythrogenesis occurs in  the  liver  or 
lymphatic tissue in these dogs. 
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EXPLANATION OF PLATES 
The photographs were taken from sections stained with hematoxylin and eosin 
after fixation in Zenker's fluid. 
PLATE 29 
FIo.  1.  Maximal  red  marrow  spread  and  hyperplasia.  Dog  25-24---radius 
marrow.  × 107. 
FIG. 2.  Maximal  marrow hyperplasia.  Dog 25-24---radius  marrow.  ×580. 
PLATE 30 
F,o. 3.  Minimal red marrow spread.  Dog 18-114--body of vertebra.  X107. 
Fro. 4.  Minimal red marrow spread.  Dog 18-114--humerus  marrow.  ×111. 448  MARROW HYPERPLASIA  IN  ANEMIA 
PLAT~. 31 
FIG. 5.  Minimal red  marrow  spread.  Dog  18-114--femur marrow. 
FIG.  6.  Spleen  erythrogenesis--megakaryocytes  and  nucleated  red 
Dog  18-114.  ×382. 
×527. 
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